




























































































































































































Hauck, R.D., 1973, Nitrogen tracers in nitrogen studies-past use and future 
needs: Journal or Environmental Quality, v.2., p.317-327. 

Hauck, R.D., Bartholomew, W.V., Bremner, J.M., Broadbent, F.E., Cheng, H.H., 
Edwards, A.P., Keeney, D.R., Legg, J.O., Olsen, S.R., and Porter, L.K., 
1972, Use of variations in natural nitrogen isotope abundance for 
environmental studies: A questionable approach: Science, v. 177, p. 453-
456. 

Kohl, D.H., Shearer, G.B., and Commoner, B., 1971, Fertilizer nitrogen: 
Contribution to nitrate in surface water in a corn belt watershed: 
Science, v. 17 4, 1 3 31-13 3 4. 

Kohl, D.H., Shearer, G.B., and Commoner, B., 1973, Variations of N-15 in corn 
and soil following applications of fertilizer nitrogen: Soil Science 
Society Proceedings, v. 37, p. 888-892. 

Kreitler, C.W., 1975, Determining the source of nitrate in ground water by 
nitrogen isotope studies: Bureau of Economic Geology, University of Texas 
at Austin, Report of Investigations No. 83, 57 p. 

Kreitler, c. W. and Jones, D.C., 1975, Natural soil nitrate: The cause of 
contamination of ground water in Runnels County, Texas: Ground Water, 
v. 1 3 , p. 5 3-6 1 • 

Kreitler, C.W., Ragone, S.E., and Katz, B.G., 1978, 15N/14N ratios of ground
water nitrate, Long Island, New York: Ground Water, v. 16, p.404-409. 

Meints, V.W., Boone, and Kurtz, 1975, Natural 15N abundance in 
soil, leaves, and grain as influenced by long term additions of fertilizer 
N at several rates: Journal of Environmental Quality, v. 4, p. 486-490. 

Rajagopal, R., 1978, Impact of land use on ground water quality in the Grand 
Traverse Bay Region of Michigan: Journal of Environmental Quality, v. 7, 
p. 93-98. 

Saffigna, P.G. and Keeney, D.R., 1977, Nitrate and chloride in ground water 
under irrigated agriculture in central Wisconsin: Ground Water, v. 15, 
p. 170-177. 

Shearer, G.B., Kohl, D.H., and Commoner, B., 1974, The precision of 
determinations of the natural abundance of nitrogen-15 in soils, 
fertilizers, and shelf chemicals: Soil Science, v. 118, p. 308-316. 

Spalding, R.F. and Exner, M.E., 1980, Areal, vertical and temporal differences 
in ground water chemistry: I. Inorganic constituents: Journal of 
Environmental Quality, v. 9, p. 466-479. 

76 



77 

0 
0 ....J w 
w <( a.. 
I- I- ~ 0 z 0 _J 

>W W 
0 ....J > 

1---0W 
....J(f)wO 
:::>wwz 
() C: LL ::> 
+ .... 0 

I 

U) 

c 
0 

~ 
0 
0 

O') 

c 
Q_ 

E 
co 
(/) 

()) 
Q_ 

.s 
0 
U) 

I 
c 
OJ 
CT> 
0 ,_ 

+--' 

z 



WELL DEPTH INDICATES LAND-USE 

SETTING BELOW COMMERCIAL MIXTURE INDICATES HUMAN OR ANIMAL WASTE 

WA TEA TABLE FERTILIZER 

NON!RRIGATED < 1 O FEET 

CULTIVATED 

10-20 FEET I m 

IRRIGATED < 10 FEET I 

10-20 FEET I 

FEED LOT < 10 FEET I 

10-20 FEET I 

RESIDENTIAL < 10 FEET 
SEPTIC 

SYSTEM 
10-20 FEET 

UNDEVELOPED < 10 FEET I 

10-20 FEET I 

-5 

' 
0 Jill 

s 
I 

I 

~ 
I 

m t t!1 

(!)@ ! 
I .m 

0 4 

0' 
\ 

e 0 

rn m EJ 
I 

e I 0 

I 
I 

e le 
I 

I 
8a1 BG 

I 
t ~ 

l 
9 15 

NITROGEN ISOTOPE RATIO AS DEL TA 1 SN 

e 

a t:J 

20 

Figure32.-- Distribution of delta 15 N values related to land use and wel! depth. 
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INTRODUCTION 

This report summarizes the accomplishments of the •Ground Water Data 
Automation• contract between the Minnesota Geological Survey and the 
Division of Waters of the Minnesota Department of Natural Resources. 
Funding was provided by the Legislative Commission on Minnesota Resources 
and extended from July 1, 1985 until June 30, 1987. 

The principal objective for the project was to establish an automated 
data base containing summary information about water wells. However, it 
soon became apparent that the data base had uses and applications beyond 
those originally envisioned. Other state and federal agencies, local units 
of government, and the private sector have expressed interest in using it 
to manage and to exchange water well information. There is great potential 
for this data base to serve as a major component of a coordinated ground
water information system for the state. 

Design Criteria 

Prior to this project, the only ongoing development of an automated 
file containing data from all types of water wells was the water well log 
data base (WELLOG) maintained by the Minnesota Geological Survey (MGS). 
WELLOG stores all of the information recorded on a drillers log in addition 
to a geological interpretation of the stratigraphic conditions penetrated 
by the well. MGS uses WELLOG for compiling geologic maps and for 
referencing subsurface geological conditions. However, data from a 
driller's log are entered only if the well's location has been verified. 
Funding to ~aintain WELLOG has not been provided to MGS at a level so that 
all water well records can be automated. MGS maintains WELLOG on a very 
limited basis using its general operating funds awarded by the legislature. 

In June, 1985, the Division of Waters of the Minnesota Department of 
Natural Resources (DNR) and MGS agreed to cooperate on the development of a 
ground-water information system which would use water well records as a 
central reference. Only summary ~nf ormation taken from well records would 
be utilized in order to reduce the costs associated with WELLOG data entry 
and to ensure state-wide data coverage. This new data base was called the 
Well Log Listing System (WELLS) and formed the core of a DNR ground-water 
data system. Concurrently, the Minnesota Pollution Control Agency (MPCA) 
was developing an automated data base to store its well information, the 
Integrated Ground Water Information System or IGWIS. All three agencies 
recognized the need to coordinate their efforts so they could share common 
data elements and eliminate duplication of effort over data entry. 

The Ground Water Subcommittee of the Systems for Water Information 
Management (SWIM) provided guidance for the design of WELLS and IGWIS so 
they are interactive and are compatible with the data storage requirements 
of the Land Management Information Center (LMIC). LHIC compatibility and 
SWIM data base design approval were confirmed for WELLS in December, 1985. 
A listing of the water well data elements stored in WELLS is presented in 
the appendix to this report. 
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Data Entry and Storage 

The file structure used to summarize well data in WELLS is an adap
tation of an internal MGS file termed the County Water Well Index or INDEX. 
It was developed by MGS to be an inexpensive means for storing summary 
geologic illf ormation about a water well and for storing water quality data. 
INDEX is used by MGS to plot data types needed for compiling geologic and 
hydrogeologic maps and to establish ground-water data bases for counties to 
use and to update. It is a key component in the MGS county geologic atlas 
program. 

The additional data elements requested by the SWIM Ground Water 
Subcommittee expanded INDEX capabilities to describe ground-water use and 
well construction practices. INDEX became the working file for MGS to 
transfer data to the WELLS system being maintained by DNR and housed on 
computers at both LMIC and the u.s. Geological Survey office in St. Paul. 

WELLS data are entered via personal computers using software developed 
by MGS. A minimal amount of training is required to learn data entry pro
cedures. This enables anyone who is unfamilar with computers to quickly 
start using WELLS. •user friendly• capability was a major consideration in 
software design as was the low cost of storing and retrieving data afforded 
by the use of personal computers. · 

Data aay be entered either on diskettes or hard disc using a data entry 
program with editorial capabilities. Data manipulation and updating are 
performed by another program. Quality control is maintained by automated 
editing procedures which check for format errors and by visual inspection 
of monitor display or printout. Generally, a very low incidence of entry 
error has been experienced. MGS reformats its INDEX files into an INFO 
data base structure prior to the transfer of data to WELLS at DNR. Data 
transfer aay be accomplished either by the delivery of tapes generated from 
personal computers or by telephone linkage to USGS or LMIC computers. 

Accomplishments 

The most important achievement of this project is the development of an 
effective aeans to store and retrieve summary information about water 
wells on a st~te-wide basis. WELLS can provide a reference point for state 
and federal agencies to correlate other ground water data bases, and thus 
establish a coordinated ground-water data system for Minnesota. The data 
elements filed in WELLS can link together agency data such as water level 
measurements, stratigraphic information, water use data, and water quality 
analyses. Also, counties or other local units of government can use WELLS 
to access state agency water well data or to provide additional data to the 
state. The software developed by MGS to enter and to access WELLS data may 
be used on IBM compatible personal computers. This gives WELLS a cosmopo
litan capability. 

Summary information for about 95,000 water wells throughout Minnesota 
was entered into WELLS during this project. No specified number of well 
entries was proposed, but most of the readily useable water well records 
housed at MGS now c~n be access'ed. TBe WELLOG file provided summary data 
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for approxi11ately·34,000 wells and student workers entered the rest using 
personal computers. lnforaation from about 5,000 well records remain to be 
entered at MGS but these have little or no inf oraation describing their 
geographic locations. Also, about 5,000 to 10,000 wells are drilled 
annually and records of these wells are forwarded to MGS by the Minnesota 
Department of Health. Future data entry into WELLS should be inexpensive 
because data entry procedures and coordination between MGS and DNR are 
already established. Also, the equipment to update WELLS has been 
purchased and should be relatively maintenance free. 

Limitations 

Although the development of WELLS should be viewed as a major advan
cement in providing data for managing Minnesota's ground-water resources, 
it has limitations which should be realized if it is to l:>e used effec
tively. WELLS will only provide a central reference for other ground-water 
data bases to key in to, it cannot replace them. For example, the.WELLOG 
data base aaintained by MGS stores much more detailed geologic information 
than that summarized by WELLS. Detailed information stored on data bases 
such as WELLOG is essential for thoroughly understanding Minnesota's 
ground-water resurces and the impacts that land and water use have on them. 
The development of these other ground-water data bases such as WELLOG, 
OSWELL, SWUDS, IGWIS, STORET, and GWSI must be supported in order to 
achieve a comprehensive ground-water information system. If not, WELLS 
will function as little more than a directory of water wells. 

Past efforts to establish ground-water data bases have worked during 
developmental stages but the lack of long-term funding has eit.ller severely 
limited or eliminated data entry. The WELLOG data base of MGS is a good 
example of this. Resources must be made available to maintain and update 
WELLS or it will lose its potential as a coordinating tool. MGS and DNR 
must deteraine how they wish to continue cooperating on WELLS as well as .to 
exploit its usefulness to other agencies and the public. 
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Recommendations 

It would be unfortunate if the expiration of the contract between MGS 
and DNR entitled •Ground Water Data Automation• marked the end of the 
updating and editing of WELLS data. If continuing funds c~n be identified, 
it would be highly desirable for MGS and DNR to maintain a commitment to 
work together on the enhancement of a coordinated ground water information 
system for Minnesota. In view of the successful development of WELLS, the 
following recommendations should be considered for continuing activities: 

1 • A funding source should be identified so that DNR and MGS can develop 
a memorandum of agreement to continue the updating and editing of WELLS 
data. 

2. DNR and MGS should request LMIC to establish WELLS as the SWIM 
reference data base for the State's water-well information. 

3. DNR and MGS should encourage counties and other local units of govern
ment to use WELLS for accessing and storing water well data. 

4. DNR and MGS should support the development of ground-water information 
systems which use WELLS data elements to reference information related 
to a specific water well. 

Supplemental Agreement 

Additional funding was awarded to this contract in May, 1987 to: (1) 
acquire equipment necessary to transfer WELLS data to the u.s. Geological 
Survey PRIME computer and 2) to prepare and publish a brochure on acce$sing 
and interpreting ground-water data. The brochure is intended for distribu
tion to local citizens and officials who will be involved in local water 
planning activities. 

A tape drive was acquired and~is used to transfer WELLS data from 
MGS computer data systems to the PRIME computer used by the DNR. This 
equipment will provide a very effective means for MGS and DNR to transfer 
data in the future. 

A report entitled "Us Ground Water Data for Water Planning" was pre-
pared under MGS supervision with input from DNR, USGS, MPCA, LMIC, SPA, 
MDH, and LCMRe It will be published as an MGS educational series booklet 
and should be available 1987. 

84 



Appendix C 

WELLS DATABASE ITD'J DEFINITIONS 

DATA ITD'J ITEM TYPE ITEM WIDTH COLtl4NS* 

UNIQUE NO. Integer 6 1-6 

W-SERIES 
UNIQUE # Character 6 7-12 

COUNTY Integer 2 13-14 

TOWNSHIP Integer 3 15-17 

RANGE Integer 3 18-19 

EAST RANGE Character 

SOCTION 

QUARTER 

WELL NAME 

DATE 
COMPLETED 

USE TYPE 

Character 

Character 

Character 

Integer 

Integer 

1 20 

, 21-22 

4 23-26 

30 27-56 

6 57-62 

2 63-64 
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DESCRIPTION 

The Minnesota Geological Survey six 
digit unique well number. 

A w-series unique # includes a 
leading w followed by a 5 digit 
sequential number. This alphanu
meric unique # indicates no geolo 
gic log, but some information will 
be available. 

Minnesota state county numbers. 

The individual well public land 
survey (PLS) township number. 

The individual well PLS range 
number. 

The letter •E• is assigned to this 
field when the public land survey 
shifts to east ranges. Afects 
wells located in the NE corner of 
Cook County. 

The individual well PLS section 
number. 

The well is located to the nearest 
quarter-quarter-quarter-quarter 
section if field located. Each 
quarter is described by an alpha
betic code A, B, C, or D repre
senting the NE, NW, SW and SE 
quarters respectively, and is 
ordered from largest to smallest 
quarter. 

Name of well or owner's name. 

The date the well was completed 
taken from the driller's well log. 

Minnesota DNR use type 
designation. 



DATA IT~ ITEM TYPE 

Use 

domestic 
public supply 
air conditioning 
industry 
commerical 
observation 
monitoring 
test well 
irrigation 
relief well 
municipal 
multiple dwelling 
abandoned 
other 

ELEVATION 

DEPTH 
COMPLETED 

MATERIAL 

CASED 

AQUIFER 

Integer 

Integer 

Integer 

Integer 

Character 

OPEN HOLE 
STRATIGRAPHIC 

WELLS DATABASE 
ITEM DEFINITIONS 

DATA 

IT~ WIDTH COL~NS* 

USE CODES: 

DNR Groundwater 

10 
20 
30 
40 
so 
60 
70 
80 
90 
98 ,, 
95 
97 
99 

65-68 

4 69-72 

73 

4 74-77 

4 78-81 

86 

DESCRIPTION 

file codes 

Elevation in feet above mean sea 
level for a verified well location. 

The depth in feet the well was com
pleted after drilling. 

A numeric code assigned to the 
type of casing material: 

1 - wrought iron 
2 - tile 
3 concrete 
4 - plastic 
5 - steel 
6 - s tai n'iess steel 
7 - PVC 
9 - other 

Depth of the innermost casing 
expressed in feet. 

MGS four-letter geological code 
for the water bearing formation(s) 
that transmit(s) water to supply a 
well. 



TOP Character 

OPEN HOLE 
STRATIGRAPHIC 
BO~ Character 

4 

4 

82-85 

86-89 

87 

The MGS four-letter geologic code 
for the top formation of the open 
hole portion of the well. 

The MGS four-letter geologic code 
for the bottom formation of the 
open hole portion of the well. 



DATA ITEM ITEM TYPE 

QUADRANGLE Character 

STATIC 
WATER 
LEVEL 

SWL DATE 
MEASURED 

DEPTH TO 
BEDROCK 

DIAMETER 

GROUT 

FLAGS 

FLAGS 

FLAGS 

LAST.DATE 

Integer 

Integer 

Integer 

Integer 

Character 

Integer 

Integer 

Integer 

Date 

WELLS DATABASE 
ITEM DEFINITIONS 

DATA 

ITEM WIDTH COLtlitNS* DESCRIPTION 

4 23-26 

3 94-96 

6 97-103 

4 107-110 

2 111-112 

4 113-116 

8 
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The DNR alphanumeric code which 
corresponds to the quadrangle map 
on which the well is located. A 
conversion table will indicate 
USGS and MGS quadrangle map codes. 
If well is not field located this 
item is left blank. 

Water level in the well when pump 
is off, expressed in feet below 
grade. 

The date the static water level was 
measured. 

Depth in feet to bedrock 

The diamater of the innermost 
casing expressed in inches. 

Material such as cement, or ben
toni te used to prevent undesirable 
materials from entering the well. 
Indicates either the volume of 
grout (given in cubic yards), or 
with a Y for (yes), or a B for 
(bentonite), or an N for (not 
grouted). 

Remarks flag indicates if remarks 
exist in remarks file. 

Numeric codes which indicates if 
more information is available for 
a particular well. 

Well log bas been entered in MGS 
WELLOG data base. 

System generated each time a·well 
log is entered or updated. 
Today's data is entered. 



DATA ITDt IT!J4 TYPE 

WELLS DATABASE 
ITE24 DEFINITIONS 

DATA 

IT!J4 WIDTH COLt.14NS* DESCRIPTION 

NOTE: Remarks are transferred on separate data files. The first 14 columns of 
each record are the same as that of the correspondi-ng data file entry followed by 
the integer ( 1 -9) and the remark its elf. 

REMARK.1 Character 

REMARK2 ••• 9 Character 

80 

80 

Remarks will be entered to indi
cated more specific information 
about the well, such as multiply 
casings. 

Ref er to data item REMARK1 • 
Repeating group. 

••columns• indicate the column locations of the data item on the fixed-format text 
data transfer file. 
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WELL 
DMR 

LOG COUMT PER TOWMSHIP 
WELLS DATA BASE 

WELL LOO COUMT PER TOWNSHIP DMR WELLS DATA BASE 1981 

SYMBOL COUMT PERCEMT ACRES LE GEMD 

0 9889 11 . 6 39SS60.0 MO WELL LOG DATA IM TOWMSHIP 

1 56841 66.8 2213640.0 1 THRU 38 WELL LOGS IM TOWMSHIP 
( 1 PER SQ. MILE> 

2 1S&99 18. s 621960.0 31 THRU 180 WELL LOOS IM TOWMSHIP 
C2 - s PER SQ. MILE> 

• 3 2660 3. 1 106400.0 1 81 WELL LOGS OR MORI: IM TOWMSHIP 
CM ORE THAM s PER SQ. MILE> 
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WELL 
DMR 

... .. . · ..•. ': .. 
:.:~ .. :·' 
.., . -·::: .. : ... 

LOG COUMT PER SECTIOM 
WELLS DATA BASE 

.i :· 

. ,.i • ··r·: 
-.,., • : ·: , •.. : i:J.::~n.·· .-

~ .:?~: .. :,.... __ -_···_. __ -"""'".,.-. --·""'!:."1:::~~~.~~~>1~,: ·~~ ·f~ : · . 

WELL LOO COUMT PER SECTION DMR WELLS DATA BASE 1981 

• 
Ill 

SYMBOL COUMT PERCENT ACRES LEGEND 

0 

1 

2 

3 

&1184 

14183 

10813 

3001 

II.I 

11. 1 

11.1 

3.S 

2281310.0 

S83310 0 

431120.0 

120310.0 
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MO WELL LOG DATA IM SECTIOM 

OME WELL LOG PER SECTIOM 
Cl PER sa. KILE) 

I THRU S WELL LOOS PER SECTIOM 
ca s PER SQ. KILE> 

KORE THAM S WELL LOOI PER SECTION 
CKORE THAM S PER SI. KILE> 




